Nowadays the main power sources extensively used by the humankind are represented by the various types of fossil fuels, first and most of all, by oil and gas. However, these sources have limited reserves that will be deploited within the next 100-200 years according to various estimates. Unlike traditional power industry, power industry of renewable energy sources (RES) is not based on substance reserves, but on natural energy flows. These are wind flows, solar radiation, heat of the earth interior, etc. This paper focuses on the usage of the world's energy resources over the past 40 years and offers new solutions for employing the leading approaches for using renewables in otder to improve the energy security. Based on the conducted structural analysis of the stored energy resources, the rationale for the use of renewable power sources considering national energy security is provided, and a model for their economic evaluation is proposed through the example of wind generation facilities.
Introduction
Power engineering technologies play crucial role in social and economic development, have significant impact on environmental pollution and living standards, and determine energy security in the system of national and economic security of the country.
The backbone of the power industry is energy resources represented by various types of energy carriers. The energy carriers are non-renewable and renewable power sources. The first group includes organic and inorganic fuel. Organic fuel is coal, natural and associated gas, oil (oil residue), oil shale, peat, firewood and biofuel. Inorganic fuel forms nuclear fuel. The second group includes hydropower, solar power, power of wind, solids (hydrothermal and petrothermal), tidal waves and sea currents (Strielkowski et al. 2013; Lisin et al. 2015) .
Energy security determines protection state of the economy and consumers from the external and internal threats to stable fuel and energy supply failure. In the market conditions such state is achieved by ensuring lack free resource supply, consumer availability of energy products and its production economic profitability, as well as availability of technologies ensuring reliable and efficient operation of power facilities with the existing environmental restrictions (Lisin et al. 2018; Bilgen 2014) .
Above all, energy security is characterized by sufficiency and economic availability of energy resources. Therefore, the issues of production, distribution and consumption of resources step forward in the modern world economy. Territories with concentrated resources often become areas for geopolitical conflicts, and extraction and supply of resources is a matter of dispute for not only business entities, but entire countries (Bompard et al. 2017; Ang et al. 2015) .
Production and consumption of resources constantly increases as the planet population growth. At the same time it is already obvious that reserves of organic resources are quite limited, and over the medium term economically feasible volumes for production will be exhausted in many countries. At the same time, the peak of nuclear power industry development has passed, and its percentage is gradually decreasing due to the fact that nuclear energy does not fit quite good into the modern economic conditions showing rapid change. Nuclear power plants are too expensive, have long construction period, and issues regarding radioactive waste disposal have not been solved yet. And also often choosing peaceful atom as a power source is a political decision which faces great difficulties while being made.
With reference to the above mentioned, it becomes obvious that only development of renewable power sources can meet the power needs of countries over the long term. So the greatest challenge for ensuring sustainable economic development is the development of economic mechanisms and integration technologies of production facilities based on renewable energy resources into existing power systems.
Analysis of the dynamics of world production and consumption of primary energy
The world's primary power sources production made 13,113.00 million tons of oil equivalent in 2016, that is over 2 times higher of the same parameter in 1975. Percentage of fossil fuel, in particular oil, coal and natural gas is still significant, however, compared to 1975, the following noticeable changes took place (IEA 2012; :
• oil percentage decreased 1.5 times;
• coal, natural gas, nuclear energy and hydro resources percentage increased;
• percentage of other power sources increased 10 times, including geothermal energy, solar and wind energy, but it is still low -1%.
The final consumption of resources in 2016 made 8,918.00 million tons of oil equivalent. Various types of fossil fuel prevail in final consumption as well as production, oil in particular, there are no hydro resources and nuclear energy, as soon as these types of resources are consumed for electrical power production. Compared to 1975 when final consumption of resources made 4,674.00 million tons of oil equivalent, the following structural changes took place (IEA 2012; IEA 2018; or EIA 2016) :
• oil percentage decreased from 48.1% to 40.8%;
• electric power and other power sources percentage increased two times;
• biofuel and wastes percentage decreased.
One can estimate the level of economic development of a country and its position in the world economy by the level of production and consumption, export and import of energy resources, as well as by specific values of these indicators with regard to population and GNP. The specific value of consumed power sources per GNP unit in developed countries is relatively low, which indicates a high technological and energy efficiency of production, while a significant percentage of resources and electric power is consumed by households.
Russia is the third largest producer of energy resources, but almost half of all the resources are exported. Resource consumption per GNP unit is very high, over 4 times higher than in the US, and 8 times higher than in Germany and Japan. Electric power consumption per capita is at average levellower than in Canada and the US, but much higher than in densely-populated China and India (see Table 1 ). 
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For the period of 1975 to 2016 in the structure of primary resources used for power production percentage of oil decreased significantly, percentage of coal, natural gas and nuclear fuel increased, as well as percentage of other power sources, such as geothermal, solar, wind energy and biofuel. The main electric power production resource is natural gas; in China, USA, India and Germanycoal, and in Canada -rivers' energy (Table 2) . In the world's electric power consumption structure of 1975 to 2016 significant changes took place as well: percentage of industry and transport has decreased, percentage of energy consumed by households, commercial and public companies and agriculture has increased (Table 3 ). The greater percentage of electric power in Russia is consumed in the field of industry, while in the USA and Japanhouseholds, as well as commercial and public companies. Electric power price also varies considerably in different countries across the world depending on the pricing system approved, regulation system applied, country's own primary resources availability and energy balance structure (Strielkowski et al. 2017; Vegera et al. 2018) . Common specific feature is more expensive electric power for households than for industry in developed countries, while in Russia electric power for population is cheaper (Table 4) . 
Based on the data presented one can conclude that the highest price for electric power is peculiar for countries with less amount of own primary energy resources and production capacities. The power low price also is significantly affected by the country's energy policy with redistribution of electric power price between different groups of consumers as one of the tools.
Economic aspects of the use of wind turbines in the country's power systems
The capacity of wind turbines for commercial purpose has constantly increased from 50 kW to 7.5 MW over the past 40 years (Yang et al. 2014; Tchakoua et al. 2014) . Equipment design standards and certification procedures were implemented, which ensured significant increase of reliability and performance. Wind energy cost has decreased so much that in some cases has become competitive with traditional power sources (Fortov 2014; Hirth et al. 2015; Lisin et al. 2016; or Rogalev et al. 2018) .
The wind power market growth was the strongest in the EU until 2008 and was expressed in increase of the generation facilities' installed capacity. However, China is the leader in terms of new capacities commissioning since 2008. The average annual growth in the wind power industry is about 27%, the installed capacity is doubled every three years averagely. 83 countries in total use wind energy on a commercial basis nowadays. In 2016, the EU had about 41% of the world's installed capacity of wind power facilities, China -26%, USA -20% (IEA 2016; Ketterer 2014).
The onshore wind power facilities dominate in the market due to significant amount of undeveloped onshore wind resources. However, the market of offshore wind generators is also gradually growing. The current market analysis based on researching projects at acceptance, construction stage or the one having obtained financing, shows that nearly 85 GW of new capacity can be commissioned within the next 5 years. Seems like the offshore market will be moved by Great Britain and Germany. China also becomes more interested in the offshore power industry (Xiao et al. 2015) .
The total installed capacity of wind power facilities in 2016 in Russia made 99.9 MW, or as low as 0.04% of the installed capacity of power plants in energy system. The largest power plants are Zelenogradskaya WDP in the Kaliningrad region with capacity of 5.1 MW, and Tyupkildy WDP in the Republic of Bashkortostan with capacity of 2.2 MW (Lombardi et al. 2016) .
Having the economic aspects of the wind power industry considered, it is important to distinguish between cost for wind energy generation and the produced power's market price. Economic feasibility of wind energy depends on the comparison of these two variables: market price should exceed the cost price of electric power production.
The average estimated cost of electric power production within the entire life cycle of a power plant (LCOE) is the main indicator for describing and comparing power engineering projects (Pawel 2014; Lisin et al. 2016) . For wind power industry this indicator represents the sum of all the costs of fully operating wind power system within the project life cycle with discounted cash flows.
A common practice is to equate design life cycle to economic cycle of a wind power system (Weitemeyer et al. 2015) . A period of 20 years is often used for economic evaluation of wind power systems in the EU. It is assumed that wind turbines are maintained annually, and overhaul is carried out with replacement of the main parts once in 10 years.
A wind power project capital costs can be divided into the following main categories:
• turbine price: including blades, tower and transformer;
• construction works: including cost of site and tower foundation preparation;
• network connection costs: may include transformers and substations, as well as local distribution or trunk lines; • other costs: may include construction of buildings, management systems, consulting, etc. The most expensive turbine components are rotor blades, tower and gearbox. These three components together make 50-60% of the turbine cost. Generator, transformer and converter make about 13% of the turbine cost. The turbine cost in general is 64-84% of total expenses, all the rest is cost of network connection, Advances in Social Science, Education and Humanities Research, volume 217 construction works and other expenses. Actually, the size and structure of capital costs varies significantly depending on country and project. Typical data on capital costs for onshore and offshore wind power facilities is presented in Table 5 above.
Network connection costs can also vary significantly depending on the country and nature of expenses. For instance, in some systems a network company bears all the costs of networks upgrading for WPS connection, in other systems the WPS owner bears such costs. Network connection costs (including electrical works, power lines and connection point) usually make 11-14% of the total cost of onshore and 15-30% of offshore wind power unit.
Operating costs may include expenses for wind power unit insurance, taxes and land rent fees, as well as maintenance costs. Maintenance costs make a significant percentage of the average energy costusually 20 to 25%.
For the wind energy market price estimation, the principle of saving (economy) is often used, which will be ensured as a result of wind energy use instead of the most probable alternative. Such economy is the result of reduced fuel consumption that could be consumed at traditional power plants. It can also be the result of reduced required total capacity of traditional power plants.
Equating the wind energy value to the costs only that have been avoided, leads to omission of significant environmental benefit from the calculations, obtained from the absence of harmful substances emission into atmosphere, particularly nitrogen oxides, sulfur and carbon (Dai et al. 2015; Nejat et al. 2015) .
Transformation of wind power benefit for environment into monetary form is quite a complicated task. Nevertheless, this solution is required for raising the economic efficiency of investment projects for wind generation facilities construction. The above-mentioned task is solved by state regulation as a rule. The cost of alternative measures aimed at reduction of emissions (such as gas scrubbers in coal mines) and the money value of emissions that have been avoided are taken into account. According to the estimates obtained, the effect of monetary benefit on the environment is approximately 50% of the fuel consumption reduction and capacity commissioning.
Conclusions
The national energy security is determined by the required amount and economic availability of energy resources. Production and consumption of resources is constantly increasing in conditions of population growth. Therefore, issues of production, distribution and consumption of resources step forward in the modern world economy.
Reserves of organic resources are obviously quite limited, and in the midterm their economically feasible production volumes will be exhausted in many countries. At the same time the peak of nuclear power industry development has passed, and its percentage is gradually decreasing due to the fact that nuclear power does not fit into the modern rapidly changing economic conditions. Analysis of change in energy resources production structure over the past 40 years has shown that despite the fact that fossil fuel still remains the main energy carrier, percentage of other power sources has increased ten times, with the wind and solar energy highlighted as the first ones.
Various kinds of fossil fuel prevail in the end-user consumption, as well as in production. At the same time importance of consumed power sources per GNP unit has significantly decreased in many countries due to production technological and energy efficiency improvement, as well as due to changes in consumption structure -percentage of industry and transport has decreased, percentage of energy consumed by households, commercial and public companies, and agriculture has increased.
The end-user power cost for a consumer has also increased. And its significance varies greatly depending on the country's pricing system and the country's own primary resources availability. A common feature is the fact that in developed countries electric power for households is more expensive than for industry, while in developing countries the situation is opposite. In general, the highest cost of electric power corresponds to countries with small amount of own primary energy resources and production capacities.
Over the past 40 years of the wind power industry development the wind power cost for a consumer has significantly decreased, and currently in some countries it competes with traditional power sources with no government subsidies. The developed economic model of wind power cost formation shows that the main limitations for its wide application are high costs of connection to the electric network and ensuring the established operating modes of the power system. Moreover, transportation costs are much higher during construction of offshore wind power units. These costs are unlikely to decrease in the near future due to lack of specialized vessels and cranes.
Particularly important issue is wind power market value assessment. There are two types of added value that can be formed by applying wind power:
• based on prevention of fossil fuel expenses, Advances in Social Science, Education and Humanities Research, volume 217 • based on environmental benefits, which can be converted into money.
Issue of transformation of wind power environmental benefit into money has not yet been solved, and it is currently ensured by state regulation means. Nevertheless, it is necessary to solve it for the purpose of improving the economic efficiency of investment projects for wind generation facilities construction. It should be taken into account that nowadays wind generation is widespread mostly in the countries offering various incentives for its development in market and providing significant state support for its development at various levels. At the same time the wind speed potential that can be possibly used for commercial purposes, is quite average compared to other countries.
